The epidemiology of celiac disease and Non-Celiac Gluten related disorders is still an open field to be explored. Not many studies have been conducted in well-defined populations. We have reviewed the prevalence reported in studies using different methodology and addressed the findings obtained in old and new areas with the aim to increase awareness of the frequency of these disorders. The data available suggest the need to plan further proper epidemiological studies in order to understand the natural history of the disease and to assess the burden of these diseases on health systems.
A b s t r a c t
The epidemiology of celiac disease and Non-Celiac Gluten related disorders is still an open field to be explored. Not many studies have been conducted in well-defined populations. We have reviewed the prevalence reported in studies using different methodology and addressed the findings obtained in old and new areas with the aim to increase awareness of the frequency of these disorders. The data available suggest the need to plan further proper epidemiological studies in order to understand the natural history of the disease and to assess the burden of these diseases on health systems.
Celiac disease has a global distribution. In childhood celiac disease, epidemiological studies have concentrated so far mainly on the determination of the incidence. There is a relative homogeneous prevalence in descendants of the Caucasian race. However, heterogeneity exists in various countries and continents. In some countries studies in blood donors have contributed to raise awareness of celiac disease and are the only information available.
The average prevalence in the United States of celiac disease is very similar to the one observed in Europe. The highest prevalence was found in the Saharawi population and the lowest in Japan. Recent reports have confirmed the occurrence of celiac disease in China and Central America, countries where previously it was considered that gluten-related disorders were nonexistent.
We reviewed the almost non-existent epidemiology of non-celiac gluten related disorders. The worldwide epidemiology of dermatitis herpetiformis suggests stronger heterogeneity than the observed in celiac disease. The incidence of allergy and autoimmune disease in the
Introduction
Celiac disease is a systemic process of autoimmune nature related to the existence of a permanent intolerance to gluten and manifests itself in genetically susceptible individuals. Although it is primarily a disease of the small intestine, it often affects several organs both in and outside the gastrointestinal tract. The clinical features are protean manifestations often without gastrointestinal symptoms, which make the diagnosis as well as the studies of the pathogenesis and its epidemiology more complicated. Studies of epidemiology are important to help to understand the causes of a disease and to quantify the burden of disease.
In childhood celiac disease, epidemiological studies have concentrated so far mainly on the determination of the incidence. Extensive research and literature exist throughout Europe. The determination on the prevalence of celiac disease in different countries involves children and adults.
In relation to the incidence: a demographically homogeneous Danish population study covering a 15-year period 1 found a crude rate of 0.10 by 1000 live births which was the lowest rate described in any epidemiological study per 1000 live births. In the Netherlands, a similar low incidence of 0.18 per 1000 live births 2 was found during the period from 1976 to 1990. In contrast, in other western countries, higher rates of 0.33 to 8 per 1000 live births were found. In Sweden, between 1970 and 1988 the cumulative incidence of celiac disease at 2 years of age per 1000 live born infants increased significantly from 0.31 in the first birth cohort to 2.93 in the last cohort 3 . According to the authors from Goteborg this incidence makes celiac disease one of the most common chronic diseases among Swedish children.
In Sicily, a maximum cumulative incidence rate by birth cohort was reached in 1986, to 1.65 per 1000 live births. When the incidence rate was adjusted for the years of follow-up, the actual standardized rate was 3 cases per 1000 live births 4 and recently in Spain, a prospective, multicenter, nationwide registry of new cases of celiac disease in children <15 years of age conducted from June 1, 2006 to May 31, 2007 an incidence rate of 7.9 cases of celiac disease per 1000 live births was found. This rate is much higher than the present incidence rates of celiac disease observed in other European countries 5 .
In this chapter we focus on the prevalence of celiac disease in adults. We reviewed the prevalence that has been observed in many studies, using different methods of formal epidemiology. Not many studies have been conducted in well-defined populations. We addressed the findings obtained in old and new areas with the aim to increase awareness of the frequency of celiac disease and to draw attention to the need to plan further proper epidemiological studies in order to understand the natural history of the disease.
Celiac disease has a global distribution. There is a relative homogeneous prevalence in descendants of the Caucasian race. Heterogeneity exists in various countries and continents. Several causes may explain the differences observed between countries, even in regions of the same country. A possible explanation is the variability in the knowledge and experience of general practitioners in the diagnosis of the disease due to the multiple forms of clinical presentation. This probably results in a delayed identification of the disease. Also at the specialist level, the awareness to suspect celiac disease varies. Also there are differences in availability of diagnostic tests and a proper interpretation 6 . It is also well-known that there is an increased incidence of subclinical or silent forms of celiac disease. The most frequent extraintestinal markers of subclinical celiac disease are iron-deficiency anemia, dermatitis herpetiformis, osteoporosis and recurrent aphthous stomatitis. The most frequent presentations in silent celiac disease are found in first-degree relatives, in diverse types of thyroid disease and in patients with insulindependent diabetes 7 .
We expect that an improved knowledge of the worldwide distribution of celiac disease will help us to understand the role of different genetic factors and different environmental influences involved in the pathogenesis of celiac disease. At a public level the determination by epidemiology of celiac disease will help to assess the impact on health systems in the different countries.
Heterogeneity and Difficulties in Performing Epidemiological Studies
Most of the epidemiological studies have been carried out through the determination in blood of specific serological markers of celiac disease, like the detection of IgA anti-gliadin (AGA), IgA anti-tissue transglutaminase (tTG) and/or IgA anti-endomysium antibodies (EmA). The most important genetic markers of susceptibility, the HLA class-II antigens: HLA-DQ2 and/or HLA-DQ8 have not been taken into account in general but only in some studies.
Full HLA-DQ typing of all patients has been investigated by Hadithi et al. 8 .
Some authors have included the histological findings of the duodenal biopsy specimens, based on the presence of villous atrophy and more recent on the increase of epithelial lymphocytes without villous atrophy.
In the last decade, large genome-wide associations studies (GWAS), have identified more than 40 different non-HLA genes associated to celiac disease.
However, these genes, identified by single nucleotide polymorphisms (SNPS) inside or near the genes, will only provide a small contribution to the heritability of celiac disease. No screening studies based on other genetic markers that possibly have an influence on the emergence and development of celiac disease, apart from the HLA genes in chromosome 6, have been published [9] [10] [11] . In families with celiac disease, the presence of certain SNPS improves the prediction to suffer from celiac disease in first-degree relatives. In particular in the low HLA risk groups 12 . Romanos et al., have suggested using GWAS as a first step to achieve a better diagnosis and prognosis in high-risk families and in population-based screening 13 . In spite of the advances of the GWAS approach this technology still seems to be premature and expensive. Also the genes linked to the high risk SNPS, have not been identified as yet.
Despite the diversity and weaknesses of the epidemiological studies, e.g. the inability to detect Marsh I celiac patients by specific serological tests, it is acknowledged that the worldwide prevalence of celiac disease ranges from 0.5% to 1%. Differences among populations that have low gluten consumption and/or a limited access to diagnostic tools exhibit lower prevalence.
Therefore, in spite of technical failures, lack of orientation and/or the sampling of insufficient biopsies, the "gold standard" for the diagnosis of celiac disease continues to be the small intestinal biopsy 14 . During endoscopy, multiple biopsies in the duodenal bulb and at least 4 in the distal duodenum should be taken. In a multicenter study carried out in children, it was confirmed that in a 2.4% of 665 patients, the lesions were virtually limited to the duodenal bulb 15 . The majority of the studies published so far, do not comply with the protocol suggested by Bonamico et al. 15 . Taking 
Prevalence's at the Global Level
Until recently celiac disease was considered to be a disease of the Europeans. It is now endorsed that it affects all races and there is a gradual change in the global distribution; therefore, it is important to quantify the weight of the burden of the disease in each region. The outcome will have implications for the health systems in the different countries.
In Caucasians the average prevalence is estimated to be about 1-2% according to different studies using specific serological tests, evaluated by different methods and markers [18] [19] [20] .
The presentation forms of celiac disease have changed remarkably. Until some years ago the classical forms predominated. They were clinically characterized by the presence of chronic diarrhea, steatorrhea, malabsorption, and weight-loss. In the last few decades, the oligosymptomatic and the atypical forms with less or no digestive symptoms have significantly increased. At present we find a notable predominance of extra-intestinal manifestations, such as iron deficiency anemia and osteoporosis. The increase of celiac disease observed in some studies may be due to the success of the case-finding approach and to the accessibility of more sensitive and specific serological tests for diagnosis 21, 22 . These studies confirm that the prevalence in blood donors is not representative for the prevalence of celiac disease in a population and the prevalence is inferior to the one found in diseases known to be associated with celiac disease.
Prevalence Studies in Blood Donors

Prevalence in High-Risk Groups
There are various risk groups, which have a greater predisposition to suffer from the disease than the general population. The most common risk groups are first-degree relatives. They show an average prevalence between 10 to 20% 33 . The family members who carry the HLA-DQ2 and/or HLA-DQ8 antigen and the siblings exhibit the highest risk to suffer from celiac disease. Some authors have found a higher prevalence in brothers, than among the rest of family members [34] [35] [36] . Hansen et al found a high prevalence of celiac disease 10.4% (95% C.I. 4.6-16.2%) in young Danish type-1 diabetics 37 . A study in young people under the age of 20 in Sweden, suffering from type-1 diabetes mellitus, found a low prevalence of 0.7% in symptomatic children. However, at 5 year's follow-up after diagnosis, the prevalence increased to 10% 38 .
Studies of prevalence of celiac disease have been carried out in high risk groups as shown in Table 1 , in first-degree relatives, in individuals with Down´s syndrome and in type-1 insulin-dependent juvenile diabetes (See Table 1 
Prevalence in Europe
The prevalence in Europe is slightly higher in the countries of Northern Europe than in the Mediterranean basin. It appears that the differences in prevalence have diminished in recent years 70 . The Scandinavian countries, the United Kingdom and Ireland, have shown a prevalence ranging from 1 to 2.5% [71] [72] [73] [74] .
A study conducted in Holland among blood donors found a low prevalence 
Prevalence in United States
The average prevalence in the United States of celiac disease is very similar to the one observed in Europe. In the last years, a greater awareness of celiac In a retrospective comparative study during a 15-year period of follow-up conducted in healthy volunteers found a prevalence of 1 in 501 subjects in 1974 versus 1 in 219 subjects was found 84 . (Table 2 shows a summary of studies performed in U.S.A.).
These epidemiological changes in time of celiac disease in the U.S.A. are seen in many other countries. Not only in the well-known geographical areas where celiac disease is present, such as northern Europe, but also in regions where celiac disease was unknown, such as in Central America and Asian countries. This aspect is described later. To a large extent, the increase in the prevalence of celiac disease is due to the changes in dietary habits in the last few decades. There has been a considerable increase in the consumption of foods containing gluten. 
Prevalence in Africa
In (Table 3 illustrates as far as we know the only information available on celiac disease in Africa. . In
Anatolia a similar result of 1% was found 91 . An Iranian study in children with chronic diarrhea, found a prevalence of 6.5% 92 and the prevalence in healthy children from Turkey was 1 in 115 (0.86%) based on serology. However the prevalence of biopsy proven celiac disease was 1 in 158 (0.63%) 93 . Table 4 shows studies on prevalence in the middle east. 
Prevalence in Asia
Celiac disease is still uncommon in Asia. Only several cases have been 
Prevalence in India and Pakistan
In India celiac disease was recently described by an Indian Task Force as being "submerged in an ocean of malnutrition" 97 . Its frequency in India, seems to be higher in the Northern part of the country, creating the so-called "celiac belt". This finding is at least partially explained by the wheat-rice shift from the North to the South 98, 99 . The "All India Institute of Medical Sciences" in New Delhi, has prospectively studied adolescent and adult patients presenting with nutritional anemia by tTG antibodies. Positive patients underwent an upper gastrointestinal endoscopy and duodenal biopsy. Ninety-six patients with a median duration of anemia of 11 months (range 1 to 144 months) were screened. 10 patients with nutritional anemia (iron deficiency 9, vitamin B12 deficiency 1) were diagnosed to have celiac disease 41 .
There is limited data on the epidemiology in India. Possibly because of the presence of generalized malnutrition and epidemics of chronic diarrhea as well as the difficulty to make a diagnosis of celiac disease 100, 101 .
In the Delhi area with a large population sample of 2,879 participants, the prevalence of celiac disease was 1.04% (1 in 96) 102 . In a questionnaire-based survey of 4,347 schoolchildren (3-17 years) from Ludhiana, a city in Northern part of Punjab, India the prevalence was 1 in 310 103 .
Based on these studies, it is estimated that 5 to 8 million individuals can be expected to have celiac disease in India, yet so far only a few thousand cases appear to have been diagnosed. There is a clear need for further epidemiological studies, in order to determine the regional differences in prevalence.
No epidemiological studies have been reported in Pakistan some studies however have reported patients with celiac disease and explained the difficulties such as in India, in making the diagnosis 104, 105 .
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Epidemiology of Celiac Disease and Non-Celiac Gluten-Related Disorders
Prevalence of Celiac Disease in China
In China the major causative factor-gluten consumption (particularly in the Northern part of the country)-and risk HLA genotypes (HLADQ2 and -DQ8) are present, although with a lower prevalence than in Western countries [106] [107] [108] . It appears that there is a clear predominance in its distribution in the North. The knowledge on celiac disease in China has started in recent years, though no formal epidemiological studies have been performed yet 108, 109 .
In a recent series of 118 children with chronic diarrhea, admitted in pediatric hospitals in four major Chinese cities (Shanghai, Wuhan, Jinan, and Chengdu) the diagnosis of celiac disease was made in 14 patients (11.9%) 110 . The reports are of great importance since they confirmed the occurrence of celiac disease in China, a country where previously was considered to be nonexistent. 
Prevalence of celiac disease in Japan and the South East Asian Islands
In Japan, in a recent study, the prevalence of celiac serological markers was 18% in a series of 172 patients with inflammatory bowel disease, compared with the 1.6% in 190 healthy individuals recruited in the general population. However, no duodenal biopsies were performed and no information on genetic markers of susceptibility were available 112 .
There are no data on the prevalence of celiac disease in the South East Asian countries, including Malaysia, Korea, Taiwan, the Philippines and the smaller islands of the Pacific. It is assumed that there is a low incidence, due to the low consumption of products containing wheat flour, along with a low frequency of HLA-DQ2 and HLA-DQ8 in the general population. There is a limited availability to study celiac disease by specific serological markers in these countries.
The average prevalence of the risk haplotype HLA-DQ2 is low in Japan and in Southeast Asia. It is present only in 5-10% in the general population and the mean prevalence of the HLA-DQ8 in Asia is less than 5%
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. The ingestion of wheat-based products is low, but has increased in the past few years.
Prevalence of Celiac Disease in New Zealand
New Zealand forms part of an island continent whose inhabitants have a large proportion of predecessors of white race, with Anglo-Saxon predominance and genetic haplotypes of susceptibility for celiac disease as well as a high cereal consumption of wheat.
In a comprehensive study conducted in Western Australia, a prevalence of 0.4% of celiac disease was found in this population 113 .
A study to determine the prevalence of celiac disease and of gluten avoidance in New Zealand children, found that 1% of these had celiac disease, but 5% reported gluten avoidance. The predictors of gluten avoidance in children without properly diagnosed celiac disease suggest important regional differences in community belief or medical practice regarding implementation of a gluten-free diet 114 .
Prevalence of Celiac Disease in Australia
In a retrospective analysis performed in an Australian community of stored serum samples taken in 1994-1995 from 3,011 subjects, assays for IgA-tTG and IgG-tTG antibodies were performed. Positive or equivocal samples were retested with a different commercial tTG assay. The prevalence of tTG antibodies in this population is 1.56%; the prevalence of celiac disease is 0.56%. According to these authors, the value of a single positive result of a tTG assay in screening for celiac disease in the community is poor and an assessment with different assays may decrease the need for gastroscopy and distal duodenal biopsy 115 .
In an Australian rural community a prevalence of 12 of 3,011 found (1 in 251) was based on positive EmA antibodies and duodenal biopsy compatible with celiac disease 116 . 
Prevalence of Celiac Disease in El Salvador and Costa Rica
There are no epidemiological studies published in Central America. The first study using the modified Marsh classification and the full HLA-DQ 
Prevalence of Celiac Disease in Brazil
A study carried out in Brazil, which included a total of 214 symptomatic children, aged between 12 and 36 months, were studied by serological screening and subsequent confirmation by jejunal biopsy in the positive cases. 
Prevalence of Celiac Disease in Argentina
Similar studies in hospitals have been carried out in several cities in Argentina including a multicenter study of the prevalence in a pediatric population in 5 urban districts of Argentina. A total of 2,219 patients, ages between 3 and 16 years were analyzed. A prevalence of celiac disease 1.26%
was found. 33% of the cases were symptomatic 125 .
In the adult population in Argentina, Gómez et al., found a prevalence of 1.16%, in a study of 2,000 individuals, chosen in the general population 126 . 
Conclusions
The true prevalence of celiac disease is still impossible to ascertain. A multidisciplinary approach to make the diagnosis is necessary. The collaboration between clinicians, immunologists, geneticists, and pathologists is essential to integrate clinical, serological, genetic, histological criteria as well as the response to the gluten-free diet. Many patients have atypical symptoms or none at all. Many patients have minimal lesions without villous atrophy such as those patients with Marsh 1 lesion. These patients require a differential diagnosis that is beyond the current epidemiological studies.
The most challenging observation to understand the epidemiology of the disease is the observation demonstrating that there is a clear difference in prevalence between children and adults.
In . Although the prevalence of nutritional deficiencies, autoimmune diseases, and lymphoma occurred at a similar rate in patients with dermatitis herpetiformis as in patients with celiac disease without dermatitis herpetiformis, a recent study has confirmed that the prevalence of villous atrophy is significantly higher in the patients who presented with celiac disease than in those who presented with dermatitis herpetiformis only (61.8vs.12.5%;p = 0.005) 51 .
At least two studies in the USA and in Finland show an expected prevalence of dermatitis herpetiformis in families significantly higher than previously calculated. This is possibly due to shared genetic factors and environment factors 130, 131 . In Tampere and Helsinki, an analysis of 105 families with dermatitis herpetiformis showed that 13.6% of parents, 18.7% of siblings and 14.0% of children were affected. The authors suggested that this segregation pattern fits well to a dominant mode of Mendelian inheritance.
However they added that gender may also be important because the firstdegree relatives affected with dermatitis herpetiformis were more often females 131 . In Brazil two pairs of monozygotic twins have been studied after a gluten-free diet for 16 to 21 years. They were concordant for celiac disease.
However, dermatitis herpetiformis was present in three patients belonging to the two pairs of twins, demonstrating partial concordance of dermatitis herpetiformis in monozygotic twins 132 .
These observations fit with a multifactorial and polygenic disease pathogenesis similar to other autoimmune diseases.
At the Tampere University Hospital, the causes of death during 1971-2010 were studied in 476 consecutive patients with dermatitis herpetiformis diagnosed from 1970 onwards. 97.7% of the patients adhered to a gluten-free diet. All-cause and cerebrovascular disease mortality was significantly reduced. The standardized mortality rate due to lymphoproliferative malignancies was significantly increased (6.86) proper epidemiological studies in Argentina to study the environmental triggers.
The highest incidence and prevalence of dermatitis herpetiformis has been reported in Finland but there is some evidence that contrary to celiac disease, dermatitis herpetiformis is diminishing. The prevalence of dermatitis herpetiformis was 75.3 per 100,000 which is eight times lower than the prevalence of celiac disease in the Tampere area. The annual incidence of dermatitis herpetiformis for the entire 40 year period was 3.5 per 100,000, and in the three 10-year periods 5.2, 2.9 and 2.7 per 100,000, respectively 141 .
The worldwide epidemiology of dermatitis herpetiformis suggests stronger heterogeneity than the observed in celiac disease.
Epidemiology of Gluten Ataxia
As pointed out by Hadjivassiliou gluten ataxia is one of the most common immune-mediated cerebellar ataxias and one of the few ataxias that are potentially treatable 142 . 
Epidemiology of Non-celiac Gluten Sensitivity
The incidence of allergy and autoimmune disease in the U.S.A. and other industrialized nations is increasing. Gluten-related disorders are no exception 147 . Many researchers particularly in the U.S.A. claim that non-celiac gluten sensitivity is the most common syndrome of gluten intolerance 148 . We have previously summarized the current thinking on non-celiac gluten sensitivity as follows 149 . This issue may have been the one with the greatest impact during the last decades, especially on the internet, in patients' associations and in the food industry. There is a lack of systematic studies which could improve the understanding and definition of this syndrome for the patients and assess the impact on public health services. 
Epidemiology of Gluten Allergy
According to clinical presentations and allergy testing, there are three types of food allergy: IgE mediated, mixed (IgE/Non-IgE), and non-IgE mediated (cellular, delayed type hypersensitivity). Among the most common of these allergies in children is wheat allergy. The prevalence of this kind of allergy in infancy is increasing and may affect up to 15-20% of infants.
According to Ho et al. the alarming rate of increase calls for a public health approach in the prevention and treatment of food allergy in children 153 . The epidemiology of food allergy in general is outside the scope of this chapter.
Wheat is one of the most common allergy caused by food. A recent study has reported that the prevalence in Japanese adults was found to be 0.21% by using a combination of questionnaire-based examination, skin-prick test and serum omega-5 gliadin-specific IgE test 154 .
The prevalence of food allergy was investigated among patients reporting to The Institute of Child Health and Mediland Diagnostics in Kolkata, India.
Among the 5,161 patients tested, wheat (22%) was the predominant allergen 155 . A large recent review has found that the overall prevalence of food allergy in Asia is fairly comparable to the West, although this kind of types of allergies differ in order of relevance in the consumption of type of food.
Wheat allergy, though uncommon in most Asian countries, is the most common cause of anaphylaxis in Japan and Korea and is increasing in Thailand
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.
See also the chapter with detail description of recent advances of gluten allergy.
Burden of Disease
As stated in the introduction and recently underscored:-"understanding epidemiology is crucial for hypothesizing about causes and quantifying the burden of disease" symptomatic adults and about 240,000 sick children: 85% of the symptomatic patients will suffer from gastrointestinal complaints, 40% are likely to have anemia, 30% will likely have osteopenia, 20% of children will have short stature, and 10% will have abnormal liver enzymes 128 . The economic impact as discussed earlier with reference to non-celiac gluten sensitivity is already having major consequences, particularly in the U.S.A. In cases of non-celiac gluten sensitivity the priority is in finding adequate criteria and tests to confirm the diagnosis and clearly separate the different entities which are included in this diagnosis.
